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Chapter 1

Module fipy.boundaryConditions

1.1 Module fipy.boundaryConditions.boundaryCondition

Generic boundary condition base class

1.1.1 Class BoundaryCondition

Known Subclasses: FixedFlux, FixedValue, NthOrderBoundaryCondition

Methods

__init__(self, faces, value)

Generic boundary condition base class.

Parameters
faces: list or tuple of Face objects to which this condition applies
value: the value to impose

getContribution(self, cellldia, cellloff)

Return the effect of this boundary condition on the equation solution matrices.
getContribution() is called by each Term of each Equation.

A tuple of (LL, bb, ids) is calculated, to be added to the equation’s (L, b) matrices at the cells
specified by ids.

Parameters
cellidia: contribution to adjacent cell diagonal by this exterior face
cellloff: contribution to b-vector by this exterior face




2 Module fipy.boundaryConditions.boundaryCondition

|getDerivative(self7 order)

getFaces(self)

Return the faces this boundary condition applies to.




1.2 Module fipy.boundaryConditions.fixedFlux

Fixed flux (Neumann) boundary condition

1.2.1 Class FixedFlux

fipy.boundaryConditions.boundaryCondition.BoundaryCondition T

FixedFlux

Methods

__init__(self, faces, value)

Generic boundary condition base class.

Parameters
faces: list or tuple of Face objects to which this condition applies
value: the value to impose

Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.__init__
extit(inherited documentation)

getContribution(self, cellldia, cellloff)

Leave L unchanged and add gradient to b

Parameters
cellildia: wnused
cellloff: wnused

Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.getContribution

getDerivative(self, order)
Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.getDerivative

Inherited from BoundaryCondition: getFaces



4 Module fipy.boundaryConditions.fixed Value
1.3 Module fipy.boundaryConditions.fixed Value
Fixed value (Dirichlet) boundary condition

1.3.1 Class FixedValue

fipy.boundaryConditions.boundaryCondition.BoundaryCondition T

FixedValue

Methods

getContribution(self, cellldia, cellloff)

Set boundary equal to value.
A tuple of (LL, bb, ids) is calculated, to be added to the equation’s (L, b) matrices at the cells
specified by ids.
Parameters
cellidia: contribution to adjacent cell diagonal by this exterior face
cellloff: contribution to b-vector by this exterior face

Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.getContribution

Inherited from BoundaryCondition: __init__, getDerivative, getFaces



1.4 Module fipy.boundaryConditions.nthOrderBoundaryCondition

Boundary condition to describe high-order derivatives.

This BoundaryCondition never has any direct effect on the solution matrices, but its derivatives
do.

1.4.1 Class NthOrderBoundaryCondition

fipy.boundaryConditions.boundaryCondition.BoundaryCondition T

NthOrderBoundaryCondition

Methods

__init__(self, faces, value, order)
Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.__init__

getContribution(self, cellldia, cellloff)

Leave L and b unchanged

Parameters
cellidia: wnused
cellloff: wnused

Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.getContribution

getDerivative(self, order)
Overrides: fipy.boundaryConditions.boundaryCondition.BoundaryCondition.getDerivative

Inherited from BoundaryCondition: getFaces
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Chapter 2

Module fipy.equations

2.1 Module fipy.equations.advectionEquation

2.1.1 Class AdvectionEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

AdvectionEquation

Methods

__init__(self, var, transientCoeff=1.0, convectionCoeff=1.0, solver=’default_solver’,

convectionScheme=<class fipy.terms.upwindConvectionTerm.UpwindConvectionTe.. .,
boundaryConditions=())

Overrides: fipy.equations.equation.Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar

Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve



8 Module fipy.equations.diffusionEquation

2.2 Module fipy.equations.diffusionEquation

2.2.1 Class DiffusionEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

DiffusionEquation
Known Subclasses: DiffusionEquationWithSource, LevelSetDiffusionEquation

Diffusion equation is implicit.

Methods

__init__(self, var, transientCoeff=1.0, diffusionCoeff=1.0, solver="default_solver’,
boundaryConditions=(), otherTerms=())
Overrides: fipy.equations.equation.Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve



2.3 Module fipy.equations.diffusionEquationWithSource

2.3.1 Class DiffusionEquationWithSource

fipy.equations.equation. Equation T
fipy.equations.matrixEquation.MatrixEquation T

fipy.equations.diffusionEquation.DiffusionEquation T

DiffusionEquationWithSource

Equation consiting of a transient term, diffusion terms and source terms.

Methods

__init__(self, var, transientCoeff =1.0, diffusionCoeff=0.0, scCoeff=0.0, spCoeff=0.0,
solver=<fipy.solvers.linearPCGSolver.LinearPCGSolver instance at...,
boundaryConditions=(), otherTerms=())

Overrides: fipy.equations.diffusionEquation.DiffusionEquation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve
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2.4 Module fipy.equations.equation

2.4.1 Class Equation

Known Subclasses: DistanceEquation, MatrixEquation

Methods

Module fipy.equations.equation

|,,init,,(self, var, terms, solver, solutionTolerance=0.0001)

| getFigureOfMerit(self)

| getResidual(self)

| getSolutionTolerance(self)

| getVar(self)

| isConverged(self)

| solve(self, dt=1.0)

| updateVar(self)
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2.5 Module fipy.equations.explicitDiffusionEquation
2.5.1 Class ExplicitDiffusionEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

ExplicitDiffusionEquation

Diffusion equation is explicit.

Methods

__init__(self, var, transientCoeff=1.0, diffusionCoeff=1.0, solver="default_solver’,
boundaryConditions=())
Overrides: fipy.equations.equation. Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve



12 Module fipy.equations.matrixEquation

2.6 Module fipy.equations.matrixEquation

2.6.1 Class MatrixEquation

fipy.equations.equation. Equation T

MatrixEquation

Known Subclasses: AdvectionEquation, AdvectionEquation, CahnHilliardEquation, Diffu-
sionEquation, ExplicitDiffusionEquation, NthOrderDiffusionEquation, PhaseEquation, Relax-
ationEquation, SourceEquation, SteadyConvectionDiffusionEquation, SteadyConvectionDiffusion-
ScEquation, SurfactantEquation, TemperatureEquation, ThetaEquation

Methods

buildMatrix(self, dt)

getResidual(self)
Overrides: fipy.equations.equation. Equation.getResidual

| getResidual2(self)

getVar(self)
Overrides: fipy.equations.equation.Equation.getVar

| postSolve(self, array)

solve(self, dt=1.0)
Overrides: fipy.equations.equation.Equation.solve

Inherited from Equation: __init__, getFigureOfMerit, getSolutionTolerance, isConverged, updat-
eVar
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2.7 Module fipy.equations.nthOrderDiffusionEquation

2.7.1 Class NthOrderDiffusionEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

NthOrderDiffusionEquation

Diffusion equation is implicit.

Methods

__init__(self, var, transientCoeff=1.0, diffusionCoeff=(1.0,), solver="default_solver’,
boundaryConditions=())
Overrides: fipy.equations.equation. Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve
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2.8 Module fipy.equations.postRelaxationEquation
2.8.1 Class PostRelaxationEquation
fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

fipy.equations.relaxationEquation.RelaxationEquation T

PostRelaxationEquation

Methods

postSolve(self, residual)
Overrides: fipy.equations.relaxationEquation.RelaxationEquation.postSolve

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, solve
Inherited from RelaxationEquation: __init__, getRelaxation
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2.9 Module fipy.equations.preRelaxationEquation
2.9.1 Class PreRelaxationEquation
fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

fipy.equations.relaxationEquation.RelaxationEquation T

PreRelaxationEquation

Methods

buildMatrix(self)
Overrides: fipy.equations.matrixEquation.MatrixEquation.buildMatrix

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: getResidual, getResidual2, getVar, solve
Inherited from RelaxationEquation: __init__, getRelaxation, postSolve
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2.10 Module fipy.equations.relaxationEquation

2.10.1 Class RelaxationEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

RelaxationEquation

Known Subclasses: ConcentrationEquation, PhaseEquation, PoissonEquation, PostRelax-
ationEquation, PreRelaxationEquation

Methods

__init__(self, var, terms, solver, solutionTolerance=0.0001, relazation=1.0)
Overrides: fipy.equations.equation. Equation.__init__

| getRelaxation(self)

postSolve(self, residual)
Overrides: fipy.equations.matrixEquation.MatrixEquation.postSolve

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, solve
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2.11 Module fipy.equations.sourceEquation

2.11.1 Class SourceEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

SourceEquation

Equation consiting of a transient term, and source terms.

Methods

__init__(self, var, transientCoeff=1.0, scCoeff=0.0, spCoeff=0.0,
solver=<fipy.solvers.linearPCGSolver.LinearPCGSolver instance at...,
boundaryConditions=(), otherTerms=())

Overrides: fipy.equations.equation.Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve
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2.12 Module fipy.equations.stdyConvDiffEquation
2.12.1 Class SteadyConvectionDiffusionEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

SteadyConvectionDiffusionEquation

Diffusion equation is implicit.

Methods

__init__(self, var, diffusionCoeff=1.0, convectionCoeff=1.0, solver=’default_solver’,
convectionScheme=<class fipy.terms.powerLawConvectionTerm.PowerLawConvecti.. .,
boundaryConditions=())

Overrides: fipy.equations.equation.Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve
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2.13 Module fipy.equations.stdyConvDiffScEquation
2.13.1 Class SteadyConvectionDiffusionScEquation

fipy.equations.equation. Equation T

fipy.equations.matrixEquation.MatrixEquation T

SteadyConvectionDiffusionScEquation

Diffusion equation is implicit.

Methods

__init__(self, var, diffusionCoeff=1.0, convectionCoeff =1.0, sourceCoeff=0.0,
solver="default_solver’,

convectionScheme=<class fipy.terms.powerLawConvectionTerm.PowerLawConvecti.. .,
boundaryConditions=())

Overrides: fipy.equations.equation.Equation.__init__

Inherited from Equation: getFigureOfMerit, getSolutionTolerance, isConverged, updateVar
Inherited from MatrixEquation: buildMatrix, getResidual, getResidual2, getVar, postSolve,
solve
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Module fipy.equations.stdy ConvDiffScEquation



Chapter 3

Module fipy.iterators

3.1 Module fipy.iterators.adaptivelterator

3.1.1 Class Adaptivelterator

fipy.iterators.iterator.Iterator T

Adaptivelterator

Adaptive time-stepping equation iterator

Methods

__init__(self, equations, timeStepDuration=None, viewers=())

:Parameters:
e ‘equations: ‘list‘ or ‘tuple‘ of ‘Equation‘ objects to iterate over

Overrides: fipy.iterators.iterator.Iterator.__init__

|adjustTimeStep(self, dt)

| resetTimeStep(self)

21



22 Module fipy.iterators.adaptivelterator

timestep(self, marSweeps=1, dt=1.0)

Iterate the solution.

Parameters
maxSweeps: maximum number of sweeps to reach convergence

Overrides: fipy.iterators.iterator.Iterator.timestep extit(inherited documentation)

Inherited from Iterator: advanceTimeStep, elapseTime, sweep, sweeps



3.2 Module fipy.iterators.iterator

Generic equation iterator

3.2.1 Class ConvergenceError

exceptions.Exception T
exceptions.StandardError T
exceptions.ArithmeticError T

ConvergenceError

Methods

23

__init__(self, equations)
Overrides: exceptions.Exception.__init__

__str__(self)
Overrides: exceptions.Exception.__str__

Inherited from Exception: __getitem__

3.2.2 Class Iterator

Known Subclasses: Adaptivelterator, EIPhFIterator

Generic equation iterator

Methods

__init__(self, equations, timeStepDuration=None)

Parameters
equations: list or tuple of equations to iterate over
timeStepDuration: duration of each timestep (Variable)

advanceTimeStep(self)
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|elapseTime(self, desired Time, mazSweepsPerStep=1) |

| sweep(self, dt) |

|sweeps(self7 mazSweeps=1, dt=1.0) |

timestep(self, marSweeps=1, dt=1.0)

Iterate the solution.

Parameters
maxSweeps: maximum number of sweeps to reach convergence




Chapter 4

Module fipy.meshes

4.1 Module fipy.meshes.common.mesh

Generic mesh class defining implementation-agnostic behavior.

Make changes to mesh here first, then implement specific implementations in ‘pyMesh‘ and
‘numMesh’.

Meshes contain cells, faces, and vertices.

4.1.1 Class Mesh

Known Subclasses: Mesh, Mesh

Methods

| __init__(self) |

| calcAdjacentCellIDs(self) |

| calcAreaProjections(self) |

| calcCellAreas(self) |

| calcCellCenters(self) |

| calcCellDistances(self) |

25
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Module fipy.meshes.common.mesh

| calcCellToCellDistances(self)

| calcCell ToCellIDs sclf )

| calcCellToCellIDsFilled(self)

| calcCellToFaceOrientations(self)

| calcCellVolumes(self)

| calcExteriorCellIDs(self)

| calcFaceAreas(self)

| calcFaceAspectRatios(self)

| calcFaceNormals(self)

| calcFaceTangents(self)

| calcFaceToCellDistanceRatio(self)

| calcFaceToCellDistances(self)

| calcGeometry (self)

| calcHigherOrderScalings(self)

| calcInterior AndExteriorCellIDs(self)

| calcInterior AndExteriorFaceIDs(self)

| calcInteriorCellIDs(self)

| calcOriented AreaProjections(self)

| calcOrientedFaceNormals(self)

| calcScaledGeometry (self)

| calcTopology (self)
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| getAdjacentCellIDs(self)

| getAreaProjections(self)

| getCellAreaProjections(self)

| getCellAreas(self)

| getCellCenters(self)

| getCellDistances(self)

| getCellFacelIDs(self)

| getCellFaceOrientations(self)

| getCellNormals(self)

getCells(self, filter=None, ids=None, **args)

Return ‘Cell* objects of ‘Mesh’.

| getCellsByID(self, ids=None)

| getCellToCellDistances(self)

| getCellToCellIDs(self)

| getCellToCellIDsFilled (self)

| getCellVolumes(self)

| getDim(self)

| getExteriorCellIDs(self)

| getExteriorFaceIDs(self)

| getExteriorFaces(self)

| getFaceAreas(self)
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Module fipy.meshes.common.mesh

| getFaceAspectRatios(self)

| getFaceNormals(self)

| getFaces(self)

getFacesWithFilter(self, filter, **args)

Return ‘Face‘ objects of ‘Mesh‘.

| getFaceTangents1(self)

| getFaceTangents2(self)

| getFaceToCellDistanceRatio(self)

| getFaceToCellDistances(self)

| getInteriorCellIDs(self)

| getInteriorFacelDs(self)

| getInteriorFaces(self)

| getMaxFacesPerCell(self)

| getNearestCell(self, point)

| getNearestCellID(self, point)

| getNumberOfCells(self)

| getNumberOfFaces(self)

| getOriented AreaProjections(self)

| getOrientedFaceNormals(self)

| getPointToCellDistances(self, point)

| setScale(self, value=1.0)
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4.2 Module fipy.meshes.numMesh.adaptiveMesh

The AdaptiveMesh classes allow meshes to be created “on-the-fly” using a variable speci-
fied by the user. The AdaptiveMesh classes use Gmsh, a free open-source meshing utility
(http://www.geuz.org/gmsh). To do this, pass in a variable to the initializer function that has
a mesh with the same boundaries (though not necessarily the same interior geometry) as the mesh
you want to create and values that are equal to the approximate mesh sizes you want at any given
point. For example, if you want the mesh to be finer in areas where a concentration gradient is
steeper, create a variable whose value is equal to some constant times the reciprocal of the concen-
tration gradient and pass it to the initializer. The following will create a mesh that is finer toward
the upper right hand corner:

>>> baseMesh = Tri2D(nx = 2, ny = 2, dx = 1.0, dy = 1.0)

>>> var = CellVariable(mesh = baseMesh,
value = 0.05 - (0.01 * Numeric.add.reduce(baseMesh.getCellCenters(), axis = 1)),
name = "characteristic lengths")

Since the value of var is smaller in the upper right hand corner, the mesh will be finer there. To
create the mesh, do this:

>>> newMesh = AdaptiveMesh2D(var)

Note

At present, AdaptiveMesh supports triangular meshes only.

4.2.1 Functions

| bracedList(list) |

| orderVertices(vertexCoords, vertices) |

| parenList(list) |

| removeDuplicates(list) |
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4.2.2 Class AdaptiveMesh2D

fipy.meshes.common.mesh.Mesh T
fipy.meshes.numMesh.mesh.Mesh T

fipy.meshes.numMesh.mesh2D.Mesh2D T

AdaptiveMesh2D

Methods

__init__(self, variable)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__init__

| createBackgroundMesh(self) |

| finallnit(self) |

| getExteriorLines(self) |

| getExteriorVertexIDs(self) |

| getGeometryPoints(self) |

| writeBackgroundMesh(self) |

| writeGeometryFile(self) |

Inherited from Mesh: calcCellAreas, calcCellToCelllDsFilled, calcExteriorCelllDs, calcFaceA-
spectRatios, calcInteriorCelllDs, calcScaledGeometry, getAdjacentCelllDs, getAreaProjections,
getCellAreaProjections, getCellAreas, getCellCenters, getCellDistances, getCellFacelDs, getCell-
FaceOrientations, getCellNormals, getCells, getCellToCellDistances, getCellToCelllDs, getCellTo-
CellIDsFilled, getCellVolumes, getDim, getExteriorCelllDs, getExteriorFacelDs, getFaceAreas, get-
FaceAspectRatios, getFaceNormals, getFacesWithFilter, getFaceTangentsl, getFaceTangents2, get-
FaceToCellDistanceRatio, getFaceToCellDistances, getInteriorCelllDs, getInteriorFacelDs, getN-
earestCell, getNearestCellID, getNumberOfCells, getNumberOfFaces, getOriented AreaProjections,
getOrientedFaceNormals, getPointToCellDistances, setScale

Inherited from Mesh: __add__, __getstate.., _mul__, __setstate__, calcAdjacentCelllDs, cal-
cAreaProjections, calcCellCenters, calcCellDistances, calcCellNormals, calcCellToCellDistances,
calcCellToCelllDs, calcCellToFaceOrientations, calcCellVolumes, calcFaceCelllDs, calcFaceCen-
ters, calcFaceToCellDistanceRatio, calcFaceToCellDistances, calcGeometry, calcInteriorAndExte-
riorCelllDs, calcInteriorAndExteriorFacelDs, calcOrientedAreaProjections, calcOrientedFaceNor-
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mals, calcTopology, equalExceptOrder, get AddedMeshValues, getCellsByID, getExteriorFaces, get-
FaceCelllDs, getFaceCenters, getFaces, getInteriorFaces, getMaxFacesPerCell, getVertexCoords
Inherited from Mesh2D: calcFaceAreas, calcFaceNormals, calcFaceTangents, calcHigherOrder-
Scalings, dilate, getNonOrthogonality, getOrderedCellVertexIDs, meshAdd, translate
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4.3 Module fipy.meshes.numMesh.cell

4.3.1 Class Cell

Methods

|,,init,,(self, mesh, id) |

| __cmp-_(self, cell) |

| getCellToCellDistances(self) |

| getCell ToCellIDs(self) |

| getCenter(self) |

| getID(self) |

| getMesh(self) |

| getNormall(self, index) |
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4.4 Module fipy.meshes.numMesh.face

4.4.1 Class Face

Face within a‘Mesh’

Face objects are bounded by Vertex objects. Face objects separate Cell objects.

Methods

__init__(self, mesh, id)

Face is initialized by Mesh

Parameters
mesh: the Mesh that contains this Face
id:  a unique identifier

| getArea(self)

getCellID (self, index=0)

Return the id of the specified Cell on one side of this Face.

getCenter(self)

Return the coordinates of the Face center.

| getID (self)
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4.5 Module fipy.meshes.numMesh.gmshExport

This module takes a FiPy mesh and creates a mesh file that can be opened in Gmsh.

4.5.1 Functions

| exportAsMesh(mesh, filename) |

| getElementType(vertices, dimensions) |

| orderVertices(vertexCoords, vertices) |

4.5.2 Variables

Name Description

MeshExportError Value: ’MeshExportError’ (type=str)




35

4.6 Module fipy.meshes.numMesh.gmshImport

This module takes a Gmsh output file (.msh) and converts it into a FiPy mesh. This currently
supports triangular and tetrahedral meshes only.

Gmsh generates unstructured meshes, which may contain a significant amount of non-orthogonality
and it is very difficult to directly control the amount of non-orthogonality simply by manipulating
Gmsh parameters. Therefore, it is necessary to take into account the possibility of errors arising
due to the non-orthogonality of the mesh. To test the degree of error, an experiment was conducted
using a simple 1D diffusion problem with constant diffusion coefficients and boundary conditions as
follows: fixed value of 0 on the left side, fixed value of 1 on the right side, and a fixed flux of 0 on the
top and bottom sides. The analytical solution is clearly a uniform gradient going from left to right.
this problem was implemented using a Cartesian Grid2D mesh with each interior vertex displaced a
short distance in a random direction to create non-orthogonality. Then the root-mean-square error
was plotted against the root-mean-square non-orthogonality. The error in each cell was calculated
by simply subtracting the analytical solution at each cell center from the calculated value for that
cell. The non-orthogonality in each cell is the average, weighted by face area, of the sines of the
angles between the face normals and the line segments joining the cells. Thus, the non-orthogonality
of a cell can range from 0 (every face is orthogonal to its corresponding cell-to-cell line segment)
to 1 (only possible in a degenerate case). This test was run using 500 separate 20x20 meshes and
500 separate 10x10 meshes, each with the interior vertices moved different amounts so as to created
different levels of non-orthogonality. The results are shown below.

Results for 20x20 mesh:
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37



38

0.02

0014

'g 0.01

0.00A

Module fipy.meshes.numMesh.gmshImport

0.1 02 0.4
EME Mobn-Orthogonal ity

0.1



Class DataGetter 39

It is clear from the graphs that finer meshes decrease the error due to non-orthogonality, and that
even with a reasonably coarse mesh the error is quite low. However, note that this test is only for
a simple 1D diffusion problem with a constant diffusion coefficient, and it is unknown whether the
results will be significantly different with more complicated problems.

Test cases:

>>> newmesh = GmshImporter3D(’fipy/meshes/numMesh/testgmsh.msh’)
>>> print newmesh.getVertexCoords().tolist()

(fo.o, 0.0, 0.0], [0.5, 0.5, 1.0], [t.0, O.0, O.0], [0.5, 1.0, 0.0], [0.5, 0.5, 0.5]]

>>> print newmesh.faceVertexIDs.tolist()
(2, 1, o1, (4, 1, o1, (4, 2, o1, [4, 2, 11, [3, 1, o1, [4, 3, o1, [4, 3, 1],

>>> print newmesh.cellFaceIDs.tolist()
[[O’ 1, 2’ 3]’ [4, 1, 5’ 6]’ [7’ 2, 5’ 8]) [9, 3’ 6’ 8]]

>>> twomesh = GmshImporter2D(’fipy/meshes/numMesh/GmshTest2D.msh’)
>>> print twomesh.getVertexCoords().tolist()

[[0.0, 0.0], [t1.0, O.0], [0.5, 0.5], [0.0, 1.0], [t.0, 1.0], [0.5, 1.5], [0.0, 2.0],

>>> print twomesh.faceVertexIDs.tolist()

(2, o1, o, 11, [1, 21, [o, 31, [3, 21, [1, 41, [4, 21, [4, 31, [3, 51, [5, 41,

>>> print twomesh.cellFaceIDs.tolist()

tto, 1, 21, [o, 3, 41, [2, 5, 61, [7, 4, 6], [7, 8, 9], [8, 10, 11], [12, 13, 9],

4.6.1 Functions

| list ToString(list) |

| stringToList(string) |

4.6.2 Variables

Name Description

MeshImportError Value: ’MeshImportError’ (type=str)

4.6.3 Class DataGetter

Methods

| computeBaseFaceVertexIDs(self) |

| computeCellFaceIDs(self) |

[3, 2, 0],

[4, 3, 2]

[1.0, 2.0]]

(6, 51,

[14, 11, 12]]

[
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| computeCellVertexIDs(self) |

| computeFaceVertexIDs(self) |

| computeVertexCoords(self) |

|getData(self, fileName, dimensions) |

4.6.4 Class GmshImporter2D

fipy.meshes.common.mesh.Mesh T
fipy.meshes.numMesh.mesh.Mesh T

fipy.meshes.numMesh.mesh2D.Mesh2D T

GmshImporter2D

Methods

__init__(self, filename)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__init__

Inherited from Mesh: calcCellAreas, calcCellToCelllDsFilled, calcExteriorCelllDs, calcFaceA-
spectRatios, calclnteriorCelllDs, calcScaledGeometry, getAdjacentCelllDs, getAreaProjections,
getCellAreaProjections, getCellAreas, getCellCenters, getCellDistances, getCellFacelDs, getCell-
FaceOrientations, getCellNormals, getCells, getCellToCellDistances, getCellToCelllDs, getCellTo-
CelllDsFilled, getCellVolumes, getDim, getExteriorCelllDs, getExteriorFacelDs, getFaceAreas, get-
FaceAspectRatios, getFaceNormals, getFacesWithFilter, getFaceTangentsl, getFaceTangents2, get-
FaceToCellDistanceRatio, getFaceToCellDistances, getInteriorCelllDs, getlnteriorFacelDs, getN-
earestCell, getNearestCelllD, getNumberOfCells, getNumberOfFaces, getOriented AreaProjections,
getOrientedFaceNormals, getPointToCellDistances, setScale

Inherited from Mesh: _add__, __getstate., _mul__, _setstate__, calcAdjacentCelllDs, cal-
cAreaProjections, calcCellCenters, calcCellDistances, calcCellNormals, calcCellToCellDistances,
calcCellToCelllDs, calcCellToFaceOrientations, calcCellVolumes, calcFaceCelllDs, calcFaceCen-
ters, calcFaceToCellDistanceRatio, calcFaceToCellDistances, calcGeometry, calcInteriorAndExte-
riorCelllDs, calcInteriorAndExteriorFacelDs, calcOrientedAreaProjections, calcOrientedFaceNor-
mals, calcTopology, equalExceptOrder, get AddedMeshValues, getCellsByID, getExteriorFaces, get-
FaceCelllDs, getFaceCenters, getFaces, getInteriorFaces, getMaxFacesPerCell, getVertexCoords
Inherited from Mesh2D: calcFaceAreas, calcFaceNormals, calcFaceTangents, calcHigherOrder-
Scalings, dilate, getNonOrthogonality, getOrderedCellVertexIDs, meshAdd, translate
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4.6.5 Class GmshImporter3D

fipy.meshes.common.mesh.Mesh T

fipy.meshes.numMesh.mesh.Mesh T

GmshImporter3D

Methods

__init__(self, filename)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__init__

Inherited from Mesh: calcCellAreas, calcCellToCelllDsFilled, calcExteriorCelllDs, calcFaceA-
spectRatios, calcHigherOrderScalings, calcInteriorCelllDs, calcScaledGeometry, getAdjacentCel-
1IDs, getAreaProjections, getCellAreaProjections, getCellAreas, getCellCenters, getCellDistances,
getCellFacelDs, getCellFaceOrientations, getCellNormals, getCells, getCellToCellDistances, get-
CellToCelllDs, getCellToCellIDsFilled, getCellVolumes, getDim, getExteriorCelllDs, getExterior-
FacelDs, getFaceAreas, getFaceAspectRatios, getFaceNormals, getFacesWithFilter, getFaceTan-
gentsl, getFaceTangents2, getFaceToCellDistanceRatio, getFaceToCellDistances, getInteriorCel-
1IDs, getInteriorFacelDs, getNearestCell, getNearestCellID, getNumberOfCells, getNumberOfFaces,
getOriented AreaProjections, getOrientedFaceNormals, getPointToCellDistances, setScale
Inherited from Mesh: _add__, __getstate., _mul__, _setstate__, calcAdjacentCelllDs, cal-
cAreaProjections, calcCellCenters, calcCellDistances, calcCellNormals, calcCellToCellDistances,
calcCellToCelllDs, calcCellToFaceOrientations, calcCellVolumes, calcFaceAreas, calcFaceCelllDs,
calcFaceCenters, calcFaceNormals, calcFaceTangents, calcFaceToCellDistanceRatio, calcFaceTo-
CellDistances, calcGeometry, calcInteriorAndExteriorCelllDs, calcInterior AndExteriorFacelDs, cal-
cOrientedAreaProjections, calcOrientedFaceNormals, calcTopology, dilate, equalExceptOrder,
getAddedMeshValues, getCellsByID, getExteriorFaces, getFaceCelllDs, getFaceCenters, getFaces,
getInteriorFaces, getMaxFacesPerCell, get VertexCoords, meshAdd, translate
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4.7 Module fipy.meshes.numMesh.grid2D

2D rectangular Mesh

4.7.1 Class Grid2D

fipy.meshes.common.mesh.Mesh T
fipy.meshes.numMesh.mesh.Mesh T

fipy.meshes.numMesh.mesh2D.Mesh2D T

Grid2D
Known Subclasses: TestMesh

Creates a 2D grid mesh with horizontal faces numbered first and then vertical faces. Vertices and
cells are numbered in the usual way.

Methods

__init__(self, dz=1.0, dy=1.0, nz=None, ny=1)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__init__

__getstate__(self)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__getstate__

__setstate__(self, dict)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__setstate__

createCells(self)

cells = (f1, £2, {3, f4) going anticlock wise. fl etx refer to the faces

createFaces(self)

v1, v2 refer to the cells. Horizontel faces are first

createVertices(self)

getFacesBottom(self)

Return list of faces on bottom boundary of Grid2D.
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getFacesLeft(self)
Return list of faces on left boundary of Grid2D.

getFacesRight(self)

Return list of faces on right boundary of Grid2D.

getFacesTop(self)

Return list of faces on top boundary of Grid2D.

getMeshSpacing(self)

getPhysicalShape(self)

Return physical dimensions of Grid2D.

| getScale(self) |

| getShape(self) |

Inherited from Mesh: calcCellAreas, calcCellToCelllDsFilled, calcExteriorCelllDs, calcFaceA-
spectRatios, calcInteriorCelllDs, calcScaledGeometry, getAdjacentCelllDs, getAreaProjections,
getCellAreaProjections, getCellAreas, getCellCenters, getCellDistances, getCellFacelDs, getCell-
FaceOrientations, getCellNormals, getCells, getCellToCellDistances, getCellToCelllDs, getCellTo-
CellIDsFilled, getCellVolumes, getDim, getExteriorCelllDs, getExteriorFacelDs, getFaceAreas, get-
FaceAspectRatios, getFaceNormals, getFacesWithFilter, getFaceTangentsl, getFaceTangents2, get-
FaceToCellDistanceRatio, getFaceToCellDistances, getInteriorCelllDs, getInteriorFacelDs, getN-
earestCell, getNearestCellID, getNumberOfCells, getNumberOfFaces, getOriented AreaProjections,
getOrientedFaceNormals, getPointToCellDistances, setScale

Inherited from Mesh: __add__, _mul__, calcAdjacentCelllDs, calcAreaProjections, calcCellCen-
ters, calcCellDistances, calcCellNormals, calcCellToCellDistances, calcCellToCelllDs, calcCellTo-
FaceOrientations, calcCellVolumes, calcFaceCelllDs, calcFaceCenters, calcFaceToCellDistanceRa-
tio, calcFaceToCellDistances, calcGeometry, calclnteriorAndExteriorCellIDs, calcInteriorAndEx-
teriorFacelDs, calcOriented AreaProjections, calcOrientedFaceNormals, calcTopology, equalExcep-
tOrder, getAddedMeshValues, getCellsByID, getExteriorFaces, getFaceCelllDs, getFaceCenters,
getFaces, getInteriorFaces, getMaxFacesPerCell, getVertexCoords

Inherited from Mesh2D: calcFaceAreas, calcFaceNormals, calcFaceTangents, calcHigherOrder-
Scalings, dilate, getNonOrthogonality, getOrderedCellVertexIDs, meshAdd, translate
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4.8 Module fipy.meshes.numMesh.grid3D

3D rectangular-prism Mesh

X axis runs from left to right. Y axis runs from bottom to top. Z axis runs from front to back.
Numbering System:

Vertices: Numbered in the usual way. X coordinate changes most quickly, then Y, then Z.
Cells: Same numbering system as vertices.

Faces: XY faces numbered first, then XZ faces, then YZ faces. Within each subcategory, it is
numbered in the usual way.

4.8.1 Class Grid3D

fipy.meshes.common.mesh.Mesh T

fipy.meshes.numMesh.mesh.Mesh T

Grid3D
Creates a 3D grid mesh.

Methods

__init__(self, dt=1.0, dy=1.0, dz=1.0, nz=None, ny=1, nz=1)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__init__

__getstate__(self)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__getstate__

__setstate__(self, dict)
Overrides: fipy.meshes.numMesh.mesh.Mesh.__setstate__

calcFaceAreas(self)
Overrides: fipy.meshes.numMesh.mesh.Mesh.calcFaceAreas

calcFaceNormals(self)
Overrides: fipy.meshes.numMesh.mesh.Mesh.calcFaceNormals

calcFaceTangents(self)
Overrides: fipy.meshes.numMesh.mesh.Mesh.calcFaceTangents
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calcHigherOrderScalings(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcHigherOrderScalings

createCells(self)

cells = (front face, back face, left face, right face, bottom face, top face) front and back faces are
YZ faces left and right faces are XZ faces top and bottom faces are XY faces

createFaces(self)

XY faces are first, then XZ faces, then YZ faces

createVertices(self)

getFacesBack(self)
Return list of faces on back boundary of Grid3D.

getFacesBottom(self)

Return list of faces on bottom boundary of Grid3D.

getFacesFront(self)

Return list of faces on front boundary of Grid3D.

getFacesLeft(self)
Return list of faces on left boundary of Grid3D.

getFacesRight(self)

Return list of faces on right boundary of Grid3D.

getFacesTop(self)

Return list of faces on top boundary of Grid3D.

getMeshSpacing(self)

getPhysicalShape(self)

Return physical dimensions of Grid2D.

| getScale(self)
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| getShape(self) |

|repeatWithOﬁ'set(self, array, offset, reps) |

Inherited from Mesh: calcCellAreas, calcCellToCelllDsFilled, calcExteriorCelllDs, calcFaceA-
spectRatios, calcInteriorCelllDs, calcScaledGeometry, getAdjacentCelllDs, getAreaProjections,
getCellAreaProjections, getCellAreas, getCellCenters, getCellDistances, getCellFacelDs, getCell-
FaceOrientations, getCellNormals, getCells, getCellToCellDistances, getCellToCellIDs, getCellTo-
CelllDsFilled, getCellVolumes, getDim, getExteriorCelllDs, getExteriorFacelDs, getFaceAreas, get-
FaceAspectRatios, getFaceNormals, getFacesWithFilter, getFaceTangentsl, getFaceTangents2, get-
FaceToCellDistanceRatio, getFaceToCellDistances, getInteriorCelllDs, getInteriorFacelDs, getN-
earestCell, getNearestCelllD, getNumberOfCells, getNumberOfFaces, getOriented AreaProjections,
getOrientedFaceNormals, getPointToCellDistances, setScale

Inherited from Mesh: __add__, _mul__, calcAdjacentCellIDs, calcAreaProjections, calcCell-
Centers, calcCellDistances, calcCellNormals, calcCellToCellDistances, calcCellToCelllDs, calc-
CellToFaceOrientations, calcCellVolumes, calcFaceCelllDs, calcFaceCenters, calcFaceToCellDis-
tanceRatio, calcFaceToCellDistances, calcGeometry, calcInteriorAndExteriorCelllDs, calcInterio-
rAndExteriorFacelDs, calcOrientedAreaProjections, calcOrientedFaceNormals, calcTopology, di-
late, equalExceptOrder, getAddedMeshValues, getCellsByID, getExteriorFaces, getFaceCelllDs,
getFaceCenters, getFaces, getInteriorFaces, getMaxFacesPerCell, getVertexCoords, meshAdd,
translate
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4.9 Module fipy.meshes.numMesh.mesh

Generic mesh class using Numeric to do the calculations
Meshes contain cells, faces, and vertices.
This is built for a non-mixed element mesh.
Test cases:

>>> from fipy.meshes.grid2D import Grid2D

>>> from fipy.meshes.numMesh.grid3D import Grid3D

>>> from fipy.meshes.numMesh.tri2D import Tri2D

>>> basemesh = Grid2D(dx = 1.0, dy = 1.0, nx = 2, ny = 2)

>>> dilatedMesh = basemesh * (3, 2)

>>> print dilatedMesh.getVertexCoords().tolist()

(fo.o, o0.0l, (3.0, o0.01, (6.0, 0.0, (0.0, 2.0], [3.0, 2.0], [6.0, 2.0], [0.0, 4.0], [3.0, 4.0], [6.0,

>>> translatedMesh = basemesh + (5, 10)
>>> print translatedMesh.getVertexCoords().tolist()
(5.0, 10.01, [6.0, 10.0], [7.0, 10.0], [5.0, 11.0], [6.0, 11.0], [7.0, 11.0], [5.0, 12.0], [6.0, 12.0]

>>> addedMesh = basemesh + (basemesh + (2, 0))
>>> print addedMesh.getVertexCoords().tolist()
(fo.o, 0.0], [t.0, 0.01, [2.0, O0.0], [0.0, 1.0], [1.0, 1.0], [2.0, 1.0], [0.0, 2.0], [1.0, 2.0], [2.0,

>>> print addedMesh.getCellFaceIDs ()
(Lo, 7, 2, 6,]
[1, 8, 3,7,]
[ 2,10, 4, 9,]
[ 3,11, 5,10,]
[12,18,14, 8,]
[13,19,15,18,]
[14,20,16,11,]
[15,21,17,20,]1]

>>> print addedMesh.faceVertexIDs
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[10, 9,]
[ 5,11,]
[11,12,]
[ 8,13,]
[13,14,]
[11, 9,]
[12,10,]
[13,11,]
[14,12,]1]

>>> addedMesh = basemesh + (basemesh + (3, 0))
Traceback (most recent call last):

MeshAdditionError: Vertices are not aligned

>>> addedMesh = basemesh + (basemesh + (2, 2))
Traceback (most recent call last):

MeshAdditionError: Faces are not aligned

>>> triMesh = Tri2D(dx = 1.0, dy = 1.0, nx = 2, ny = 1)

>>> triMesh = triMesh + (2, 0)

>>> triAddedMesh = basemesh + triMesh

>>> print triAddedMesh.getVertexCoords().tolist()

(fo.o, 0.0, (1.0, 0.01, [2.0, O0.0], [0.0, 1.0], [t1.0, 1.0], [2.0, 1.0], [0.0, 2.0], [1.0, 2.0],

>>> print triAddedMesh.getCellFaceIDs()

(o ,7 ,2 ,6 ,]
1,8 ,3,7,]
[2 ,10 ,4 ,9 ,]
[3 ,11 ,5 ,10 ,]
[16 ,20 ,24 ,—- ,]
[17 ,21 ,25 ,—- ,]
[14 ,22 ,24 ,—- ,]
[156 ,23 ,25 ,-- ,]
[8 ,18 ,22 ,-- ,]
[16 ,19 ,23 ,—- ,]
[12 ,18 ,20 ,—- ,]
[13 ,19 ,21 ,—- ,]1]

>>> print triAddedMesh.faceVertexIDs
(C 1, 0,]
[
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[14,11,]
[13,11,]
(14,12,]]

>>> ThreeDBaseMesh = Grid3D(dx = 1.
>>> ThreeDSecondMesh = Grid3D(dx =

>>> ThreeDAddedMesh = ThreeDBaseMesh + (ThreeDSecondMes

0, dy =
1.0, dy

.0, dz =
1.0, dz

[

>>> print ThreeDAddedMesh.getVertexCoords().tolist()

[[0.0, 0.0, 0.0],

[1.0, 0.0, 0.0],

[2.0, 0.0, 0.0],

>>> print ThreeDAddedMesh.getCellFaceIDs()
[[24,25,12,14, 0, 4,]

[25,26,13,15,
[27,28,14,186,
[28,29,15,17,
[30,31,18,20,
[31,32,19,21,
[33,34,20,22,

[ Ty T T N [y )

5,
6,
7,
8,
9,
0,

[34,35,21,23, 7,11,]
[26,40,38,39,36,37,]]

>>> print ThreeDAddedMesh.faceVertexIDs

[

> B B >

3,]
, 2, 5, 4,]
, 6,]
7,]
2,]

> B

Lo O e B e N e |
> w = O
[S2 " S NS
0 N O

> > B >

[ 9,10,13,12,
[10,11,14,13,]
[12,13,16,15,]
[13,14,17,16,]
[18,19,22,21,]
[19,20,23,22,]
[21,22,25,24,]

.0, nx = 2, ny

([

(2, 0, 0))

[0.0, 1.0, 0.0],

49

0 =2, nz = 2)
1.0, nx =1, ny = 1, nz = 1)
h +

[1.0, 1.0, 0.0],

[2.0, 1.0, 0.0],
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N
(@}
N

5,]
9,]
0,]
2,]
3,]
5,]
,17,16,]
[ 9,10,19,18,]
[10,11,20,19,]
[12,13,22,21,]
[13,14,23,22,]
[15,16,25,24,]
[16,17,26,25,]
[ 0, 3,12, 9,]
1, 4,13,10,]
2, 5,14,11,]
3, 6,15,12,]
4, 7,16,13,]
5, 8,17,14,]
[ 9,12,21,18,]
[10,13,22,19,]
[11,14,23,20,]
[12,15,24,21,]
[13,16,25,22,]
[14,17,26,23,]
[ 2,27,28, 5,]
[11,29,30,14,]
[ 2,27,29,11,]
[ 5,28,30,14,]
[27,28,30,29,]1]

L T e B s B s B |

>>> InvalidMesh = ThreeDBaseMesh + basemesh
Traceback (most recent call last):

MeshAdditionError: Dimensions do not match

4.9.1 Functions

|MAtake(army, indices, fill=0, axis=0)




Class Mesh

4.9.2 Class Mesh

fipy.meshes.common.mesh.Mesh T

Mesh
Known Subclasses: Gmshlmporter3D, Grid3D, Mesh2D

Methods

51

__init__(self, vertexCoords, faceVertexIDs, cellFacelDs)

faceVertexIds and cellFacesIds must be padded with minus ones.

Overrides: fipy.meshes.common.mesh.Mesh.__init__

|,,add,,(self7 other, smallNumber=1.0000000000000001e-15)

| __getstate__(self)

| __mul__(self, other)

| __setstate__(self, dict)

calcAdjacentCellIDs(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcAdjacentCelllDs

calcAreaProjections(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcAreaProjections

calcCellCenters(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcCellCenters

calcCellDistances(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcCellDistances

calcCellNormals(self)

calcCellToCellDistances(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcCellToCellDistances

calcCellToCellIDs( self)
Overrides: fipy.meshes.common.mesh.Mesh.calcCellToCelllDs
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calcCellToFaceOrientations(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcCellToFaceOrientations

calcCellVolumes(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcCell Volumes

calcFaceAreas(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcFaceAreas

| calcFaceCellIDs(self) |

| calcFaceCenters(self) |

calcFaceNormals(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcFaceNormals

calcFaceTangents(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcFaceTangents

calcFaceToCellDistanceRatio(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcFaceToCellDistanceRatio

calcFaceToCellDistances(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcFaceToCellDistances

calcGeometry (self)
Overrides: fipy.meshes.common.mesh.Mesh.calcGeometry

calcInterior AndExteriorCellIDs(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcInteriorAndExteriorCelllDs

calcInterior AndExteriorFaceIDs(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcInteriorAndExteriorFacelDs

calcOriented AreaProjections(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcOriented AreaProjections

calcOrientedFaceNormals(self)
Overrides: fipy.meshes.common.mesh.Mesh.calcOrientedFaceNormals

calcTopology (self)
Overrides: fipy.meshes.common.mesh.Mesh.calcTopology
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| dilate(self, factor)

equ